the dataset pre-filtration ( Figure S1A ). Spiking of samples from time points 9-12 with an exogenous lactococcal phage Q33, 1 0 5 uncommon in the human gut microbiome, allowed us to roughly quantify total viral loads at 1 0 6 between 2.2 × 10 8 and 8.4 × 10 10 genome copies per g of faeces, assuming that overall 1 0 7
genomes have an average size of that of Q33 (31.1 kb; Figure 1D ). Estimated viral loads were 1 0 8 subject specific (p = 0.05, ANCOVA) and did not vary significantly during the period of four 1 0 9
months observed for each subject (p = 0.35). We observed a wide variation in the level of 1 1 0 richness of faecal viral communities ranging from 11 to 4,509 genomes or genome fragments 1 1 1 present per sample. The level of richness was subject-specific (p = 0.002; Figure 1E , Figure   1 1 2 S2B and C) and stable within each subject over a one-year period (p = 0.27). Relative abundance of contigs bearing one or more integrase and/or site-specific recombinase genes, 1 1 5
indicating a probable temperate lifestyle. However, even this feature seems to reflect virome 1 1 6 individuality (p = 6.32 × 10 -6 ), and is relatively stable over time (p = 0.08; Figure 1F , Figure   1 1 7 S2C). Figure S4C ). At the same time, measures of viral α -diversity showed weak to moderate 1 2 2 negative correlation (ρ = -0.11 to -0.45) with total viral load, while the latter parameter was 1 2 3 negatively correlated with temperate phage abundance (ρ = -0.41). Taxonomic assignment of contigs revealed a prevalence of novel/unknown phages Anelloviridae, Genomoviridae) were detected. Of special note was presence of considerable 1 2 9
amounts of plant RNA viruses of family Virgaviridae ( Figure 1G ). Overall, contigs of 1 3 0 various sizes were recovered, mainly representing genomic fragments (2 × 10 3 to 5 × 10 4 bp) 1 3 1 with low to moderate levels of sequence coverage (1-100×). Complete circular viral genomes 1 3 2 (n = 623) varied in size from just over 3 kb for Anelloviridae to over 287 kb for some 1 3 3 "jumbo" Myoviridae phages (Table S2 ). Of 39,254 viral genomes and genomic fragments 1 3 4 only 241 had close homologs (>50% nucleotide identity over 90% of sequence length) among 1 3 5 previously described viruses. These mainly included contigs with homology to Lactococcus 1 3 6
and Enterobacteriaceae phages with the addition of some cryptic eukaryotic CRESS-DNA several prokaryotic virus orthologous groups [pVOGs (Grazziotin et al., 2017) ], annotated as The most impressive features of the faecal viral communities in the ten individuals 1 4 6
were the high levels of inter-personal specificity and within-person conservation for periods 1 4 7 of at least one year and up to 26 months for subject 924. While total viral diversity was much 1 4 8 higher, only 1,380 contigs with a relative abundance of at least 0.1% in any of the samples 1 4 9
accounted for 99% of VLP sequencing space in the study cohort ( Figure S3A ). In certain sequences based on similarity of encoded proteins -vConTACT2 pipeline (Jang et al., 3 4 8 22 viral clusters shared between half of the subjects, 12 were represented by these two viral 4 0 0 groups ( Figure 5 ). In two subjects (918 and 924), specific assemblages of four to seven 4 0 1 different crAss-like phage strains belonging to two to three different clusters accounted for up 4 0 2 to 97% of the total virome and persisted in the microbiota for the duration of study, often As expected, many other members of the order Caudovirales (families Siphoviridae 4 1 0
and Myoviridae) appear to be temperate ( Figure 4B ). However, temperate phages do not high viral diversity and clear domination of temperate Caudovirales ( Figure 1D , Figure S2D ).
1 4
In the absence of large populations of virulent phages in subject 916, it is likely that induction 4 1 5 of prophages from the resident microbial strains, and not lytic replication, serves as the affecting levels of their host populations Reyes et al., 2013) . The exact 4 2 7 mechanism behind stable, high level colonization of the gut by virulent bacteriophages needs 4 2 8 further elucidation. Some interesting parallels could be drawn between the PPV and the recently proposed domination of a limited number of higher order taxa (the "royal family").
3 7
We observed remarkably close correlations in community composition between 4 3 8 bacterial microbiomes and viromes in our study cohort ( Figure 2D ). For example, oppositely load (Vandeputte et al., 2017) and faster colonic transit times (Vandeputte et al., 2016) . In coincided with low total viral loads ( Figure 1D -F) and a higher prevalence of temperate relative abundances of crAss-like phages and the family Microviridae seems to be 4 5 1 independent of the aforementioned Prevotella/Bacteroides ratio ( Figure S4A ), which agrees 4 5 2 with previous predictions that both of those genera can serve as hosts for members of both of 4 5 3 these viral families (Guerin et al., 2018; Krupovic and Forterre, 2011; Roux et al., 2012) . were under-represented in our dataset or even completely escaped our attention in this study our study, using the 200 kb genome size cut-off for a "giant", we were able to detect 3 partial None of them, however, were part of the PPV. A number of studies have also reported the cross sectional studies. We also developed tools that allow the analysis of the majority, rather 4 7 4 than a minority, of the recovered sequences, following the application of a rigorous and contigs, we show that a protein-based clustering approach allows for comparisons across 4 7 8
individuals or cohorts. This study provides a platform to understand the diverse biological 4 7 9
entities which make up the virome, their role in the gut microbiome and in human health. Number SFI/14/SP APC/B3032, and a research grant from Janssen Biotech, Inc. The authors declare no competing interests. catalogue by length and depth of coverage. (See also Figures S1, S2 and Tables S1, S2). and Table S3 ). contigs shared between at least 2 individuals. (See also Figure S5 ). included a known phage its taxonomic name is given in blue, next to the cluster name; subjects are given on the right, clusters with contigs, coding for integrases and site-specific
recombinases are highlighted in red. Wilcoxon test with Bonferroni correction); (C), same as previous, but factoring in the The study cohort consisted of ten healthy volunteers, aged 23-54, four males and six Cork at the time of sampling (Table S1 ). None of the study participants had active GI tract (Table S1 ). Written consents were given according to study protocol APC055, approved by synchronously from all ten subjects over a 12 months period. Three follow-up samplings 5 9 3
were performed for one subject (924, female) at 19, 20 and 26 months. Samples were 5 9 4
collected in participants' homes, transported to the laboratory, aliquoted into 0.5 g fragments 5 9 5
and frozen at -80°C within 2-3 hours from voiding. Spiking of faecal filtrates with phage Q33 5 9 9
Phage Q33 was propagated on a host strain Lactococcus lactis SMQ-86 as described Faecal VLP fractions were prepared from 0.5g aliquots of faecal material and their Reverse transcription (RT) reaction was performed using SuperScript IV Reverse 6 1 5
Transcriptase kit (Invitrogen/ThermoFisher Scientific) with 11 µl of purified VLP nucleic 6 1 6 acids sample and random hexamer oligonucleotides according to manufacturer's protocol. One microliter of the RT product was taken as a template for each of the three independent V2 kit (GE Healthcare). This was done to compensate for the random amplification bias, analysis (see Figure S6 ). In the first round of selection an assembly had to meet at least one ORFs, producing HMM-hits to pVOG database with e-value of default. In parallel to that, family level taxonomic annotations were assigned to contigs using breadth of contig coverage of less than 1× for 75% of a contig length, were set to zero (Roux Contigs included into the counts matrix and clustered using vConTACT2 were then Prediction of likely bacterial hosts for the curated set of contigs was done by searching spacers in bacterial genomic sequences were predicted using PILER-CR v1.06 (Edgar, 2007) . producing highest number of individual CRISPR hits was considered as primary host. and site-specific recombinases. Variants were called using "call -mv" (multiallelic, output variants only) and filtered using SNPs were taken into analysis, and those were further subsetted to cases where an alternative 7 5 9
allele was absent in time point 1, to simplify calculations of mutation accumulation rate. removed from the resulting assemblies as previously stated. Phylogenetic binning of reads was performed for metagenomics samples using MetaPhlAn v2 (Truong et al., 2015) with comprising of less than 1% of the overall composition were grouped into the category 7 7 8
"Other". Taxonomy was assigned to non-redundant metagenomic assemblies (n = 105,997 7 7 9 across ten samples) using the contig annotation tool CAT (Cambuy et al., 2016) and CRISPR 7 8 0 spacers (n = 1,138) were predicted using PILER-CR. Curtis distance. 7 9 0
Multivariate analysis was performed using PERMANOVA ('adonis()' function in 7 9 1 Vegan). Constrained ordination was performed using distance-based redundancy analysis 7 9 2 (dbRDA, 'capscale()' function in Vegan) with significant predictor variables identified in 7 9 3
PERMANOVA tests and Jensen-Shannon distances used for scaling. Raw sequencing data and assembled contigs are available from NCBI databases under 7 9 7
BioProject PRJNA545408. (fraction of reads aligned to) of contigs containing integrase/site-specific recombinase gene; integrase-containing ("Virulent") fractions. (grey) are given with corresponding R 2 and p values for linear regression models. re-ordered using Ward D2 hierarchical clustering and Bray-Curtis dissimilarity metric. data (refers to Figure 1 and STAR Methods). Table S3 . Figure 6 
